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1. Introduction 
For the previous ten years, seismograms at Syowa Station 
were recorded on a microfilm. The microfilms were developed 
everyday at the station and the arrival times of clear phases 
from world-wide earthquakes were read. The read-out data were 
sent to the Environmental Research Laboratories throughout the 
wintering period. The maintenance of the system is rather a 
hard work for only one member of JARE (Japanese Antarctic 
Research Expedition) who is also responsible for the 
maintenance of other geophysical observation systems such as 
all-sky camera and flux-gate magnetometer. On the other hand, 
the recording system of world-wide seismic network has been 
replaced from the analog type to the digital type in order to 
supply computer compatible data for the detailed study of 
earthquakes. A new seismic observation system was introduced 
on the above two backgrounds to Syowa Station in February 1980 
by JARE-21. The type of sensors and their locations were not 
changed and only recording system was replaced. 
The coordinates of seismographic vault are 69 ° 00'31.7"S 1n 
latitude and 39 ° 35'31.6"E in longitude. The elevation is 20 m 
above the mean sea level. There are two types of seismographs, 
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one called HES (Hagiwara's Electric Seismograph) with the 
natural-period of 1 second (short period) , and the other called 
LP of the Press-Ewing type with the natural-period of 15-20 
seconds (long period) . The long-period seismographs and the 
corresponding pre-filter-amplifiers were replaced in February 
1981, where the outline of the introduced system is illustrated 
in Fig. 1. The seismic observation system was maintained by R. 
Sakai and K. Kaminuma through the wintering of JARE-22. The 
detailed reports on the design and the performance of the 
introduced system will be given later. 
2. Data 
The over-all frequency response and the magnification of 
the short-period and long-period seismographs (Z, N-S and E-W 
components) are shown in Fig. 2. The system clock could not be 
connected to the recovered UTC from NNSS satellites and the 
calibration was made by the short-wave receiver. The accuracy 
of the read-out data can be estimated as 0. 2 seconds. 
Considering the delay time of 1-2 years between the publication 
of this report and the observing wintering period, which is 
inevitable from the restriction of transport between Tokyo and 
Syowa Station, PDE reports by NEIS can be referenced and the 
local events around Syowa Station are excluded from this 
report. 
2 .1. Read-out data 
The onset of the events was detected from the pen-monitor 
records. Figure 3 shows examples of pen-monitor records of the 
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Z component seismograph (4-mm/s pen-speed) . The onset time of 
tele-seismic P-arrivals was read by R. Sakai and K. Kaminuma 
and they are listed in Table 1. Symbols E and I in phase 
column denote weak and sharp onsets, respectively. The 
direction of ground motion is denoted by + for upward direction 
and - for downward direction. Arrival time is in UTC. 
2.2. Digital data in a 9-track computer compatible tape 
One of the main reason for the introduction of the new 
seismic observation system to Syowa Station is the digital data 
acquisition ,of tele-seisrnic wave forms in a large computer 
compatible 9-track tape. Amplified seismic signals are 
analog-to-digital converted with the sampling rate of 10 points 
per second for short-period and 1 point per second for 
long-period component. The relation between the input voltage 
to the computer and the hexadecimal number is given in Table 2. 
The data acquisition system is controlled by the 
event-triggering method of STA/LTA ratio (Peterson et al., 
1976) which is programmed in a micro-computer. The obtained 
original data consists of 10 volumes of 2400 ft (1600 bpi) 
magnetic tape and the tele-typewriter message of the triggered 
events (see an example in Fig. 4) The original tapes are 
compiled by considering the PDE reports and edited into four 
volumes of Non Label tape for the user. The edited tape 
contains tele-seismic wave forms of 114 events detected at 
Syowa Station and one calibration curve. The 114 events are 
listed in Table 3 and their locations are mapped in Fig. 5. 
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The data on an edited tape has a block structure. The tape 
format is specified as follows: 
(1) Volume constitution of the edited tape is specified in 
Fig. 6-1. 
(2) The data structure in Fig. 6-1 is specified in Fig. 6-2. 
(3) Header of the event in Fig. 6-2 is specified in Fig. 6-3. 
Numerals in content column are written usually by binary 
number. 
(4) One block of A/D data in Fig. 6-2 is specified in Fig. 
6-4. It consists of 768 bytes and contains 10 seconds' 
wave data for short-period and 2 minutes' wave data for 
long-period (rec. 2 - rec. 11) . 
(5) One data in Fig. 6-4 consists of 3 channels (N-S, E-W and 
z components) . Data format of each channel is specified 
in Fig. 6-5. 
(6) Time data in Fig. 6-3 (record number 6) and in Fig. 6-4 
are specified in Fig. 6-6. 
In the appendix, examples of waveform output of each event 
(10 blocks) to the graphic display are shown. Explanation of 
the output is given in the first sheet of the gain calibration 
curve. 
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Fig. 3-2. Example of the long-period seismogram. 
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Fig. 6-1. Volume constitution. 
A/0 data 
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AID data "=====rl/ 







Fig. 6-2. Data constitution. 
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record number name position length content 
1 BDW 0-1 2 byte number 
2-3 2 (00)16 
2 RDW 4-5 2 byte number 
6-7 2 (00) 1h 
3 code 8-9 2 I B' 
4 RDW 10-11 2 2 
12-13 2 see no. 
5 event code 14-15 2 'HE' 
6 event no. 16-17 2 see Table 3 
7 total no. 18-19 2 dummy 
8 triggered 20-25 6 see Fig. 6-6 
2 
time 
9 noise level 26-31 6 LTA 
10 K-value 32-33 2 threshold value 
11 triggered 34-35 2 STA 
level 
12 channel no. 36-37 2 3 
13 data acqui- 38-39 2 1800 or 1200 
sition time or 440 s 
14 sample rate 40-41 2 10 samples/s 
15 block no. 42-43 2 181 or 121 or 45 
16 total block 44-45 2 dummy 
number 
17 RDW 46-47 2 see no. 2 
48-49 2 
18 origin time 50-67 18 PDE report 
19 latitude 68-75 8 PDE report 
20 longitude 76-85 10 PDE report 
3 21 region name 86-109 24 PDE report 
22 depth 110-11 7 8 PDE report 
23 dummy 118-119 2 I I 
24 magnitude 120-123 4 MB in PDE report 
25 magnitude 124-125 4 MS in PDE report 
26 dummy 126-127 2 I I 
27 comment 128-143 16 see Table 3 
4 28 open 144-767 622 ( 40 ) 16 
1 block length =768 byte 
Fig. 6-3. Header of the event. 
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see no. 2 
see Fig. 6-6 
see Fig. 6-5 
see Fig. 6-5 
see no. 2 
see Fig. 6-6 
see Fig. 6-5 
see Fiq. 6-5 
see no. 2 
(FF) 16: 
NG 
( 00_) 16: 
OK 
( 40) 16 
Fig. 6-4. Constitution of A/D data in one block. 
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1. data sequence 
2. 
12 
� 1 data � 





N N N 
data format 
1 chan nel data 
LSD MSD 
i i0 29 28 i i' i5 
11 10 9 a 7 6 5 
iii 
4 3 2 
direction of tape advance 
3 . track number and bit 
bit i2 20 24 p t i6 i7 i1 i3 
track No 1 2 3 4 5 6 7 a 9 




Fig. 6-5. Data format of the sampled wave. 
1 byte 
No item i i6 . i5 i' i i.i 2° comme nt 
h igher lower 
1 dummy ( 40 ),5 
2 ( 0 l,s 
100-th digit 
4 2 1 399 day ....__ day max 
3 
10-th digit 1-st digit 
a 4', 2 1 8 4,2 1 
4 hour 1�
10-thdigit 1-st digit max 23 hour 2 I 1 8 I 4 I 2 I 1 
5 minute i\ 10-th digit 4 2 1 1-st digit 8 4 I 2 1 max 59minute 
6 second i\ 10-th digit 4.2.1 8 :-tt d2t I 1 max 59second 
Time data - BCD number 
Fig. 6-6. Format of the time data. 
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Table 1. Read-out data. 
= 
DATE PHASE ARRIVAL TIME DATE PHASE ARRIVAL TIME DATE PHASE ARRIVAL TIME 
H M s H M s H M s 
JAN 02 EPZ 08 36 30,4 FEB 16 EPZ 07 02 26,5 FEB 26 EPZ 10 39 31.7 
E.PZ 15 58 06.0 +EPZ 07 20 58.7 MAR ()2 +IPZ ?1 31 10.0 
03 -IPZ 21 05 14,3 +EPZ 07 24 58.0 03 +IPZ 09 54 oo.i 
05 +IPZ 06 17 28.F3 EPZ 09 56 39.3 EPZ 10 06 37,0 
07 -IPZ 16 2B 30,6 EPZ 11 51 08,2 EPZ 10 19 07,El 
+EPZ 16 38 21,4 EPZ 14 51 11,6 EPZ 10 31 37.7 
EPZ 20 41 21.2 ESZ 14 53 51.3 EPZ 10 46 59,'t 
09 EPZ 23 44 13,0 EPZ 16 29 25.2 EPZ 11 00 37,4 
11 EPZ 15 21 56,0 17 EPZ 00 30 46,6 EPZ 11 11 09.9 
-EPZ 17 37 57,0 EXZ 01 45 09,5 IPZ 11 15 36.3 
12 +!PZ 15 00 05.9 EXZ 15 30 38,0 EPZ 11 27 00,6 
14 EPZ 11 01 29,0 EXZ 17 01 4616 EPZ 11 31 15.0 
23 +IPZ 05 17 38,8 18 EPZ 00 32 45,9 EPZ 12 00 19.8 
+IPZ 22 02 29,6 EPZ 12 25 l4ol EPZ 14 15 42,6 
25 EPZ 10 51 34,9 EXZ 22 17 10.0 EXZ 14 l 6r 12 0 8 
28 EPZ 19 34 19,7 19 EXZ 08 35 23,0 04 +IPZ 10 47 56.5 
30 +IPZ 05 24 41.2 EPZ 18 59 57.5 EPZ 13 09 34.0 
-IPZ 09 12 33,5 EPZ 19 18 0508 EPZ 18 58 33.l 
...... FEB 01 -EPZ 04 47 06,7 EPZ 20 56 27,7 05 -IPZ 07 54 48.4 0) 
EPZ 13 37 05.7 EPZ 21 59 00.1 -EXZ 07 58 43.0 
-IPZ 23 03 12.8 EPZ 23 18 29.5 -IPZ 13 04 36o3 
04 EXZ 16 03 55,6 20 EPZ 09 52 2506 EPZ 13 47 23,3 
06 +EPZ 07 34 43.1 EPZ 11 05 57,6 06 +EPZ 12 14 18.8 
EPZ 07 37 34,l 22 +EPZ 19 28 34,0 07 +EPZ 08 07 33.3 
EXZ 20 25 56.1 23 EPZ 03 11 13,6 EPZ 10 31 03,1 
07 EPZ 14 42 06,2 EXZ 11 49 02,6 EPZ 10 43 29.5 
09 EXZ 09 48 28,9 -rsz 16 25 16,8 EPZ 10 57 02.6 
EXZ 10 08 53.9 EPZ 19 07 03,4 EPZ 11 13 34.0 
12 IPZ 11 47 47,9 +ISZ 19 07 41,8 EPZ 11 41 12.6 
13 EPZ 16 40 05.7 +EPZ 19 31 28,3 EPZ 12 15 07,[l 
14 EPZ 07 44 64,6 24 EXZ 06 05 02,7 +IPZ 23 41 59.3 
EPZ 07 08 36.2 +IXZ 16 29 58,7 08 EPZ 04 07 01,8 
-rsz 07 19 19,0 -EXZ 21 12 09.l EPZ 11 42 35,3 
EPZ 09 57 38.9 EPZ 22 42 07$4 EPZ 22 00 30.6 
+ISZ 10 00 31,8 +EPZ 23 19 30,5 EPZ 22 33 29,6 
EXZ 22 57 02.1 26 EPZ 02 39 06,6 09 -IPZ 07 57 1+4.0 
15 EPZ 07 22 11,8 -EPZ 06 24 10.3 EPZ 09 47 19,FJ 
EPZ 17 42 23,7 +IPZ 14 59 03.6 EPZ 10 11, 3 0. 4 
16 -IPZ 06 46 02,6 -EPZ 17 31 03,4 EPZ 11 n 03,8 
-ISZ 06 58 59.6 28 EPZ 09 30 30,1 EPZ 11 41 '+3.2 
DATE PHASE ARRIVAL TIME DATE PHASE ARR IVAL TIME DATE PHASE ARRIVAL TIME 
H M s H M s 
MAR 09 EPZ 15 08 04.2 MAR 13 EPZ 01 50 29.5 MAR 21 -IPZ 22 26 34.8 
EPZ 23 16 31.4 EPZ 02 06 48.4 -IPZ 23 05 18.5 
10 EPZ 00 29 03.0 EPZ 02 25 08.0 -ISZ 23 06 18.0 
EPZ 01 54 07.7 EPZ 03 03 38.5 +EXZ 23 15 27.4 
EPZ 02 04 12.5 EPZ 03 21 10.5 22 +EPZ 09 30 03.9 
+IPZ 08 01 12.2 14 EPZ 23 02 56.0 EPZ 17 18 19.3 
EPZ 12 15 41.0 EPZ 23 07 58.0 EPZ 21 19 16.0 
EPZ 12 31 27ol 15 -EPZ 00 16 15.8 23 -IPZ 19 38 54.3 
EPZ 20 05 06.6 EPZ 05 35 13.6 LP-IPZ 19 38 53.8 
EPZ 20 22 44.9 EPZ 05 50 52.2 -IXZ 19 39 o7.o 
EPZ 20 40 20.4 EPZ 07 11 42.7 -EPZ 21 16 13.4 
EPZ 21 20 26.0 EPZ (J,'3 35 07.9 -IPZ 23 14 08.9 
EPZ 21 31 49.2 EPZ 10 00 36.3 28 -EPZ 05 02 47.5 
EPZ 22 26 02.6 EPZ 10 19 51-1 EPZ 06 27 42.4 
EPZ 22 38 43.9 EPZ 10 33 38.6 -EPZ 06 44 16.1 
EPZ 23 09 49.9 EPZ 10 54 39.0 EPZ 23 55 22.9 
EPZ 23 20 29.9 EPZ 14 56 2n.3 29 -EPZ 01 10 03.0 
11 EPZ 00 07 12.0 EPZ 22 42 2406 EPZ 01 45 47.0 
EPZ 00 18 11.5 16 EPZ 01 37 14.9 -IPZ -.J 04 22 47.4 
EPZ 01 02 39.8 -IPZ 12 38 57.5 EPZ 05 45 17.4 
EPZ 01 18 08.7 +IPZ 13 51 16.4 -EPZ 08 49 21.5 
EPZ 01 45 40.4 -EXZ 14 00 36.6 EPZ 08 56 24.2 
EPZ 02 06 05.2 -EXZ 14 26 01.s EPZ 19 44 52.0 
EPZ 02 20 02.0 -EPZ rn oe 3S.5 30 -EPZ 00 40 11.5 
E?Z 02 35 57.2 E"PZ 01 37 14.9 EPZ 00 48 09.1 
+EPZ 02 55 23.2 17 -JPZ 00 19 17.7 EPZ 10 34 54.3 
EPZ 04 47 41.7 +EPZ 05 25 24.H IPZ 20 55 36.2 
ISZ 04 50 49.4 IPZ 12 2fi 20.7 31 EPZ 05 31 52.2 
EXZ 07 29 38.8 EXZ 14 25 2H.l EPZ 05 41 32,3 
EPZ 11 57 03,6 18 +IPZ 02 39 44.0 -IXZ 05 44 10.0 
12 + IPZ 10 55 24,6 20 -IPZ 05 25 51.3 EPZ 06 40 55.8 
EPZ 16 59 19.0 EPZ 17 06 2R.13 +EPZ 12 30 30ol 
-IPZ 17 29 43.5 EYZ 17 36 09.5 EPZ 20 38 04.0 
-IPZ 19 11 40.7 -EPZ 23 44 37,R A Pf� 01 EPZ 05 02 09,1 
LP+IPZ 19 11 40.6 21 -FPZ 01 13 56.6 -EPZ 05 10 35.9 
+ Ip z. 19 32 47.o + r� P z 03 ?.5 CR.6 -IPZ 18 13 49.1 
EPZ 20 23 22.6 EPZ 04 -;_i r..; 30.5 LP-IPZ 18 13 49.4 
EPZ 22 41 14.1 -JPZ 12 34 39.4 LP+ ISZ 18 15 42.6 
13 EPZ 00 26 15.4 E.P Z 16 16 59.1 +ISZ 18 15 42.6 
EPZ 00 46 15.4 CPZ 20 41 06.7 LP+EXZ 18 41 42.6 
DATE PHASE ARRIVAL 1IME DATE PHASE ARRIVAL TIME DATE PHASE ARRIVAL TIME 
H M s H M s 
APR 01 EXZ 18 22 06o2 APR 09 LP+ILRZ 08 57 47.4 APR 22 -rxz 06 55 42.>3 
IPZ 21 29 85.4 EPZ 15 19 48.6 +EPZ 12 34 32.f, 
+IPZ 22 00  57.8 EPZ 15 28 32.0 23 -IPZ 00 43 35.7 
02 EPZ 04 28 21.6 EPZ 23 19 40.6 24 +IPZ 14 57 43.3 
EPZ! 13 54 04.l 10 EPZ 00 36 46.5 +EXZ 16 C8 14.6 
03 EPZ 07 36 41.0 EPZ 06 56 30.7 EPZ 22 03 02.3 
+EPZ 15 02 30.6 EXZ 07 00 15.8 -ISZ 22 C4 05.5 
-EPZ 13 53 43-1 EPZ 16 32 05.7 -IPZ 22 27 2e.4 
EPZ 19 48 12.3 -EPZ 17 00 47.1 EPZ 22 42 28.5 
04 +EPZ 00 33 28ol 11 EPZ 02 43 5lo4 +EPZ 23 07 29.C 
EPZ 03 52 24o2 EPZ 13 43 04.8 25 EPZ 00 56 25.5 
EXZ 06 27 15.6 EPZ 19 59 56.8 EPZ 04 24 29.6 
EPZ 08 44 09.0 12 EPZ 07 27 55.1 EPZ 05 43 1406 
+EXZ 18 21 14.8 EPZ 14 36 14.7 -IDZ 05 48 14.5 
+EXZ 23 43 01 .. 2 +IPZ 23 17 12.6 EPZ 20 21 3e.s 
05 -IPZ 03 30 22.1 13 EPZ 00 39 14.6 EPZ 23 34 31.7 
IXZ 03 3 0  00.1 EPZ 01 27 26.l 26 EPZ 08 57 23.6 
+IPZ 10 38 36o0 EPZ 04 11 17.1 EPZ 21 59 35.5 
...... EPZ 13 32 20o7 EPZ 05 48 26.4 EPZ 15 06 1 4.3 
-EPZ 18 01 38.7 EPZ 08 09 35.7 27 EPZ 00 44 18.9 
+EPZ 21 07 59.5 EPZ 14 14 04 • 5 EPZ 03 51 33.5 
+IPZ 21 55 53.,0 EPZ 15 08 07.9 EPZ 04 19 4 4.7 
+IXZ 21 56 24.6 EXZ 15 52 06.6 -IPZ 04 41 14.6 
06 EPZ 03 39 18.5 -EPZ 21 31 45.7 +EPZ 06 28 21.1 
+,Ip z 14 44 28.6 +ESZ 21 33 04.7 EPZ fo 21 12.8 
EPZ 15 10 02.2 14 EPZ 04 50 01.6 -IPZ 18 25 08.1 
+IPZ 21 58 15.4 EPZ 18 37 49.6 LP+IXZ 18 28 03.4 
07 EPZ 0 0  07 31.1 -IXZ 18 44 36.6 LP-ISZ 18 32 13.0 
- IPZ 01 38 05 .. 9 16 LP-IPZ 11 04 47.8 EPZ 22 43 54.s 
EPZ 04 13 27o9 LP•ISZ 11 09 48.9 28 -IPZ 21 26 19.8 
-IPZ 18 16 19.4 19 EPZ 06 09 04.6 LP-ISZ 21 35 39.4 
08 EPZ 11 12 04.8 EPZ 12 55 23.4 -rsz 21 35 47.6 
EPZ 14 06 31.2 20 EPZ 15 05 11.6 EPZ 23 24 05.5 
EPZ 23 55 1406 EPZ 21 54 35.o 30 EPZ 18 25 24.4 
09 -EPZ 00 25 2306 21 EPZ 12 20 56.7 EPZ 08 31 26.7 
-IPZ 05 01 19.6 EPZ 14 45 52.8 MAY 01 EPZ 00 48 27.0 
+IPZ 08 44 58o9 EPZ 14 48 13.7 EPZ 07 15 55.9 
LP-EPZ 08 45 02.6 22 +IPZ 01 36 09.0 02 +IPZ 00 55 16.0 
LP+IPPZ 08 46 48.6 EPZ 02 04 08.7 EPZ 03 07 59.6 
LP-ISZ 08 51 28.2 EPZ 06 55 15.1 EPZ 05 24 12.6 
D ATE PHASE ARR I VAL TIME DATE PHASE ARR I VAL TIME DATE.  PHASE ARRIVAL TIM E 
H M _s __ H M s H M 
MAY  0 2  EPZ 1 6  22 3 0 . 1  MA Y - 0 9  EPZ 1 4  0 5  1 9 . 5  MAY 2 0  -EPZ 2 3  2 6  5 9 . l  
-IXZ  1 6 2 2  5 6 . 9  +IPZ 1 6  1 9  0 6 . 6  2 2  -IPZ 0 3 0 7  5 1 . 7  
0 3  EPZ 1 7  5 0  0 3 . 6  -IPZ 1 7  3 8  26 . 0  -IPZ 2 2  24  4 5 . 3 
t: j.) z 2 0  3 4  2 6 . 7  -ISZ 1 7  3 8  35 . 2  2 3  -EPZ 0 9  5 4  o o . e  
0 4  EPZ 0 4  5 7  48 . 3  1 0  EPZ 1 0  5 1  5 1 . 2  2 5  EPZ 0 5  34 4 9 . 0 
EPZ 2 0  3 7  4 4 . 6  1 1 +IPZ 0 6  3 2  5 2 . 1  IXZ 0 5  38  4 o·. o 
0 5  EPZ 0 0  2 6  1 1 . 9  EPZ 0 7  4 4  25 . 6  IXZ 0 5  42  4 1 . 5  
EPZ 2 0  5 3  49 . 7  EPZ 1 4 3 9  44 . 4  IR Z 0 5  5 0  1 7 . 5  
EPZ 2 2  2 1  5 8 . 5  EPZ 1 5  26  22 . 0  +EPZ 1 0  5 4  0 1 . 4 
0 6  EPZ 0 7  29  22 . 8  1 2  EPZ 0 3  0 3  5 2 . 2 2 6  -EPZ 0 7  0 1  0 6 . 2  
EPZ 1 2  4 8  3 3 . 6  EPZ 0 9  0 1  5 1 . 8  EPZ 1 9  2 8 1 2 . 6  
EPZ 17 1 4  3 7 . 6  1 3  -IPZ 0 1  5 3  0 1 . i  EPZ 2 2  0 9  3 1 . 0  
+IPZ 1 9  43  1 1 . 6 LP-ESZ 0 2  0 4  0 2 . 0  2 7  -IPZ 0 1  5 6  3 8 . 9  
+IXZ 1 9  4 3  3 0 . 8  -IPZ 1 2  0 7  1 3 . 0  -IPZ 0 8  1 5  1 2 . 8  
-IPZ 2 1  4 9 4 7 . 1  +EPZ 1 5  0 0  4 7 . 2  +EPZ 0 8  5 0  5 7 . 3  
0 7  EPZ 0 0  0 9  3 3 . 3 EPZ 1 7  0 2  1 3 . 8  EXZ 1 0  0 0  0 5 . 0  
EPZ 0 4  1 8  0 6 . 6  EPZ 2 0 46  27 . 6  EXZ 1 6  52  3 0 . 0  
I-' EPZ 0 9  1 3  1 1 . 0  1 4  -IPZ 0 6  1 6  38 . 4  2 8  +IPZ 1 6  2 2  1 7 . 4  
EPZ 1 4  0 6  4 2 . 0  EXZ 1 1  5 8  2 0 . s  +IPZ 2 2  3 2  5 9 . 2  
EPZ 1 9  44  1 1 .  6 1 5  EPZ 0 1  4 7  28 . 0  2 9  EPZ 1 2  3 8  2 7 . 1  
+IPZ 2 0  0 5  5 3 . 7  +IPZ 0 4  0 3  2 2 . 3  EPZ 1 9  3 1  5 7 . 4  
0 8  EPZ 0 1  3 2  3 1 . 2  EPZ 1 4  2 8  3 3 . 7  3 0  EPZ 0 1  3 1  1 8 . 3  
+IPZ 0 1  4 9  0 2 . 7  1 6  +IPZ 0 0  3 0  0 7 . 6  EPZ 0 9  56  5 1 . 1  
+IXZ  0 1  4 9  1 6 . 7  +EXZ 1 3  5 4  0 3 . 6  EPZ 1 1  22 3 0 . 6  
+IPZ  0 1  5 5  1 6 . 6  1 7  EXZ 00 06 1 4 . 2  3 1 -IPZ 0 9  0 0  1 6 . 3  
IXZ 0 1  55 29 . 9  EPZ 0 6  3 6  0 8 . 7  J U N E  0 1  -EPZ 0 0  2 1  1 3 . 4  
-IPZ 0 2  3 1  0 9 . 7  +IPZ 0 9  3 6  5 2 . 4  -IPZ 0 4  3 1  4 0 . 4  
EPZ 0 3  3 3  2 1 . 6  IX Z 1 0  58 1 4 . 3  +EPZ 1 3  52 2 5 . 5  
EPZ 0 5  38 0 6 . 7  +EPZ 1 2  1 5  1 8 . 0  - r x z 1 3 5 3  5 6 . 0  
EPZ 1 2  5 2  0 2 . 6  EPZ 1 4  3 8  1 6 . 9  EPZ 1 8  0 9  1 7 . 3  
EPZ 1 3  1 2  2 6 . 4  IPZ 1 7  1 6  2 1 . 2  -IPZ 2 0  0 1  28 . 5  
EPZ 1 4  4 2  3 9 . 3  EPZ 22  2 4  26 . 7  0 2  EPZ 2 1  0 1  1 5 . 0 
EPZ 1 9  5 3  3 9 . 0  1 8  +IPZ 1 0  2 0  1 2 . 6  EPZ 2 3  38  3 4 . 5  
EPZ 2 1  0 5  4 3 . 1  EPZ 1 0  5 5  1 4 . l  0 3. -IPZ 0 5  5 6  0 5 . 7  
EPZ 2 3  5 0  0 9 . 2  EPZ 1 3  58  44 . 2  EPZ 0 6  5 1  4 9 . 9  
+ISZ 23  5 3  32 . 2  EPZ 1 4  22  0 4 . 8  +EPZ 1 9  4 6  0 7 . 2  
0 9  EPZ 0 9  5 0  5 0 . 0  1 9  EPZ 1 6  1 8  5 9 . 3  -IXZ 1 9  48 2 s . a  
+IXZ 0 9  52 2 6 . 0  +IPZ 1 7  2 4  4 3 . 0  0 4  F P Z  0 2  5 2  4 3 . 0  
-IXZ 0 9  5 2  3 7 . 6  EPZ 2 1  1 3  0 8 . 9  tPZ 0 3  29  4 8 . 8  
+IPZ 1 0  0 1  5 2 . 3  2 0  -EPZ 0 5  5 4  5 2 . 1  +IPZ 1 8 0 6  1 5 . 7  
DA TE  PH AS E ARR I VAL T I ME DATE PHASE ARR I VAL T I ME DAT E P HASE ARR I VAL T I ME. 
H M s H r1 s �-- H M s 
JUNE  0 4  EPZ 2 0  5 5  5 4 . 9  JUNE 1 6  +EPZ 0 7  1 1  1 6 . 4 J U N E  2 8 + I PZ 0 5  46  45 o 3  
0 5  - I PZ 0 7  2 1  4 1 . 9  •EPZ 1 6 1 3  2 6 . 2  -EPZ 0 5  5 0  3 1 . 0  
EXZ 2 2  1 9  4 4 . 4  - I PZ 1 9  0 2  1 1 � 2  EPZ 0 6  5 7  38 . 2  
0 6  EXZ 0 1  0 7  2 2 . 0  LP•EPZ 1 9  0 2  1 1 . 6 EX Z 1 4  3 5  2 2 . 6  
E P Z  0 5  1 7  2 5 . 0  LP+EX Z  1 9  0 7  1 1 . 2  EPZ 1 8 42 0 9 . 3 
EPZ 1 4  3 3  0 9 0 6  LP'.9EXZ  1 9  1 1 · 3 6 . 0  3 0 EPZ 1 9  3 7  2 7 . 2  
+ IPZ 1 8  1 9  3 9 . 4  LP-E XZ 1 9  1 3  0 3 . 2  EPZ 2 3  1 4  0 8 . 6  
0 7  EPZ 0 3  1 9  3 9 . 8  1 7  EPZ 0 9  54 5 1 -. 0  JULY 0 1  EPZ 0 4  3 0  1 2 . 0  
EPZ 2 1  58 3 2 . 5  1 8  EPZ 0 3  0 6  0 1 . 0  EPZ 0 7  44 1 4 . 0  
0 8  + I PZ 1 2  5 8  5 1 . 4  EPZ 0 6  1 9 4 5 . 0  EPZ 0 9  1 5  2 0 . 2  
LP+ I PZ 1 2  5 8  5 1 . 5  +EPZ 2 3  1 3  1 4 . Q  0 3  EPZ 1 3  3 1  28 . 0  
0 9  - I PZ 0 0  4 0  5 2 . 0  1 9  EPZ 0 1  2 0  3 7 . o  EX Z 1 3  3 2  0 5 0 6  
EPZ 0 0  5 8  1 3 . 6  EPZ 1 1  58 3 3 . 8  0 4  + I PZ 0 2  1 1  1 4 . 3  
- I PZ 0 1  1 6  2 5 . 8  EXZ  1 7  5 8  1 5 . o  - I PZ 0 4  5 2  4 3 . 3  
EPZ 1 4  1 1  4 4 . 6  2 0 EPZ 0 0  53 0 2 . 1 EPZ 0 6  5 0  1 1 . 7  
+ I PZ 1 9  0 9  4 2 . 6  EPZ 0 1  02 5 5 . 7  EPZ 1 0  3 1  3 2 . 6  
1 0  EPZ 0 1  1 7  1 7 . 7  EPZ 0 4  2 2  2 6 . 7  0 5  EPZ 0 3  49 5 9 . 6  
EPZ 0 1  2 9  2 3 . 0  - I PZ 1 2  4 4  1 0 . 3  EPZ 1 0  1 0  1 1 . 2  
1 1  EPZ 0 7  38  0 7 . 1  LP E XZ  1 3  1 7  0 3 . 2  EX Z 1 3  4 8  5 4 . 4  
N LP+EPZ 0 7  3 8  0 8 . 1  EPZ 1 6  0 5  2 1 . 8 + I PZ 1 9 0 4  0 9 . 3  0 
EXZ 0 7  42  0 8 . 0  2 1  EPZ 0 1  34 2 0 . 4  0 6  + I PZ 0 1  1 5  3 5 . 4  
LP EXZ 0 7  46  5 6 . 0  EPZ 1 0  4 1  5 4 . 3  - I PZ 0 3  2 0  44 . 2  
LP  L R Z  0 8  1 2  2 0 . 1  EPZ 1 1  32 5 1 . 0  EX Z 0 8  3 7  l 9 o 2 
1 2  EPZ 0 0  44 0 7 . 2  2 2  + I PZ 1 0  3 3  3 3 . 3  0 9  LP- I SZ 0 3  3 0  5 0 . 2  
+ I XZ 0 0  4 5  1 1 . 0  EPZ 1 2  0 8  0 7 . 5  0 7  + I PZ 0 0  48 1 0 . 4 
EPZ 0 8  1 2  5 8 . 7  LP E X Z  1 2  1 0  0 2 . 0  - I PZ 0 0  4 9  2 5 . 8  
- I PZ 1 2  0 9  2 8 . 1  E X Z  1 8  0 6  0 1 . 8  EXZ 1 5  1 7  49 . 0  
EPZ 1 8  1 0  3 2 . 4  EPZ 1 9  1 0  0 5 . ,7 EPZ 2 1  2 3  0 4 . 7  
+EP Z 1 8  4 8  1 5 . 7 2 3  EPZ 2 1  5 8  2 8 . 6  L P  EPZ 2 1  26  0 9 . 0  
- I PZ 2 3  42  0 2 . 6  24  EPZ 0 5  o o  4 7 . o  + I PZ 2 3  3 6  2 3 . 5  
1 3  EPZ 0 1  3 3  5 4 . 3  EPZ 1 1  48  4 1 .  2 ESZ 2 3  4 6  0 0 o 2 
L P -ES Z 0 1  4 7  5 1 . 3  2 5  EPZ 1 3  3 6  1 5 . 1  0 8  EPZ 1 0  28  1 5 . 3  
- I PZ 2 2  43  2 6 o 4  + I PZ 1 9  58  1 0 . 5  EPZ 1 2  4 6  2 6 . 5  
1 4  EPZ 0 1  0 7  3 5 . 4  LP ER  20  0 8  1 8 . 0  EXZ 1 3  3 5  3 1 . 2  
EPZ 0 1  2 6  5 2 . 8  2 6  - I PZ 0 1  0 2  3 8 . 5  0 9  EPZ 0 6  0 1  5 6 . 6  
- I P Z 0 7  48 4 4 . 3  LP+LPN 0 1  0 2  3 8 . 9  1 0  EPZ 0 3  5 5  2 2 . 6  
-EPZ 2 3  26  2 5 . 0  2 3  EPZ 1 2  2 3  5 7 . 3  EX Z 0 9  28  1 8 . 4  
1 5  - I PZ 0 2  4 0  5 3 . 1  2 6 LP EPN 12 24  0 4 . 0 + I PZ 1 8  1 3  1 1  .. 4 
-I PZ 0 7  2 8  2 7 . 2  2 7  + I PZ 0 2  26  5 0 . 6  1 1  EPZ 1 8  5 3  0 8 . 4 
1 6  -IPZ 0 5  5 3  3 1 . 0  EPZ 1 3  29  5 1 . 2  1 2 EPZ 1 8  34  0 1 . s 
DATE PHASE ARRIVAL TIME DATE PHASE  
H M s 
JULY 1 3  EPZ 13  44 25.2 JULY 20 EPZ 
14 EPZ 07 50 08.3 EPZ 
EPZ 13 5 1  47.5 21 +IPZ 
EPZ 1 4  06 54,4 2 2  EXZ 
EPZ 1 7  26 1 1.2 EPZ 
LP EPZ 17 26 14,6 ! S Z 
15 EPZ 06 14 34.3  ! PZ 
EPZ 06 31 1 4 , 7  EPZ 
EPZ 08 1 1  50 , 6  23 EPZ 
EPZ 08 28 30.2 EPZ 
EPZ 08 40 5 5 ,8 ES Z 
EPZ 09 13 24 , 5  24 EPZ 
EPZ 0 9  33 1 8 , 7 26 EP Z 
E PZ 10 14 01 , 7  EPZ 
+IPZ 1 1  13 54 , 0  2 7  EP Z 
-IPZ 1 1  18 1 4 , 5 E PZ 
+ I PZ 11 49 49 , 3  28 EPZ 
EPZ 12 30 59.0 +IP Z 
N EPZ 15 36 3 5.2 +IP Z ..... 
EPZ 1 5  44 02.3 +EPZ  
EPZ 17 04 04 , 5  EP Z 
+ I PZ 22 23 3 1 , 2  LP EPZ 
EPZ 22 33 25 , 4  LP-ES Z 
LP EPZ  08 11 5 5.0 LP+LQ Z 
LP-ISZ 0 8  22 2 3 , 0 +IP Z  
1 6 EPZ 06 21 33,6 29 EPZ  
EPZ 1 0  04 56.3 +IP Z 
E? Z 2 1  05 1 4 , 3  L P  I S Z  
EPZ 21 47 3 1,2 E P Z  
1 7  -IPZ 01 10  15 , 1  EPZ 
EPZ 10 31 53,8 EPZ 
1 8  EPZ 09 00 47.3 EPZ 
+IPZ 1 1  26 21.2 30 EPZ 
EPZ 1 3  1 0  21.2 EPZ 
EPZ 14 03 16 , 5  EPZ 
EPZ 16 12 15.4 E PZ 
19 EPZ 03 48 37.3 31 EPZ 
EPZ 04 55 29 , 8  EPZ 
E P Z  22 4 8  44 , 3  EPZ 
2 0  EPZ 0 0  52 18,0 + I PZ 
ARRTvA[ TTME 
H M s 
03 5 1  33.5 
08 3 2  58,4 
1 1  59 36,4 
14 29 05.2 
14 31 49,4 
14 32 12,7 
23 25 28,6 
23 40 49.4 
0 1  02 38,7 
1 8  08 0 8,3 
18 08 2 2,5 
1 9  4 3  1 5.5 
07 4 1  27, 1  
20 3 4  3 1 .4 
15 45 36,0 
20 48 1 7,0 
0 2  1 8  07,6 
0 3 13 19,6 
11  30 47.1 
17  19 49,7 
17 3 6  10.0 
17  36 1 9,6  
17 47 0 9.2 
1 8  03 15.6 
1 8  52 09,9 
00 09 38,8 
01 2 3  33 , 9  
0 1  33  50,0 
01 57 33.3 
12  53 41.s 
13 �4 34,1  
1 8  C 2  24,9 
1 1  1 7  59.3 
1 4  58 36, .3 
1 6  51 � l.G  
1 8  1 0  36.1 
0 0  1 3  35,8 
09 46 28.9 
1 0  07  22,9 
16 51 10 .s 
DATE 
JULY 3 1  
AUG  C l  
C 2  
0 4  
C5  
0 6  
07  
0 5  
0 9  
1 0  





1 6  
1 9  
2 0  
2 1  
PHASE ARRIVAL TIME 
H M $ 
E P Z  1 9  S2 3 6.3  
E P Z 2 1  2 6  2 6. t, 
+ ! P Z  0 6  2 3  0 5.5 
E P Z  0 1  0 1  1 6,3  
f P Z  1 8 35 56,3 
E ;) l_  2 2  3 6  32,1 
E PZ 2 2  l C  27.3 
EP Z O .S 4 1  C /3.R 
E P Z  1 1  44 3 3,4 
E P Z  l i3 2 5  1 1 .3 
+E ? Z  1 1  4 2  27,1 
L P -EP i J  1 1  48 3 0.4 
L P -ES , 11 5 8  54,0 
EP Z 1 '5 27 l d,4 
+ I P Z  23 3 5  14.3 
E P Z  2 3  47 G 0,4 
E P Z  1 2  n 3 6,2 
E PZ 0 2  ? 7  3 0.9 
E P Z  0 4  3 b  0 5.b 
[ P Z  1 2  2 9  46.5 
I P L 01 2 6  1 2.3 
c ? Z  17  0 5  o a.3 
E r z  1 0  3 1  02.2 
f:Y Z 1 5  51 06.4 
EPZ Cl3 43 52,0 
E P Z  Q6 2 c  3 J ,O  
LP I PZ  06  22  41.2 
+IPL ;J 5 00 56.3 
E P Z  2 0  2 1  40.5 
+ I P Z  2 1  5 9  5 9. 4  
C: P Z  0 2  3 C  43.4 
- I P Z 17 l 't  1 9.6 
+Ir> Z i 9  2 4  36,f.' 
E: Y l 0 5  42 0 9.3 
E. ?  l 0 1  5 2  2 2.0 
E P Z  0 6  l h  4 U.O  
E ;.:i z :23 :) 1 U .  2 
E ? Z  0 5  U C  J 2,7 
- I ? l 0 1  2 5 5 ·'.), G 
EP Z 0 2  G 6  3 0 ,5 
DATE PHASE. ARR I VAL T J HE DATE 
H M _s __ 
A U G  21 EPZ 05 46 17 . 6  SEP 0 4  
23  EPZ 02 1 2  03 . 5  
EPZ 09 01  36 . 9  
- I P Z 1 2  1 9  5 5 . 4  
EPZ 23  53 55 . 4  
24  EPZ 11  40 l 7 o 9  
EPZ 16  06 2 3 . l  05 
EPZ 2 1  3 5  12 . 5  0 6  
25 +IPZ 05 3 1  43 . 6  
+IPZ 0 7  29 3 1  .. 0 
+ISZ 07 35 18.2 
EPZ 19 04  07.1 07 
EXZ 19 04 52. 0  
2 6  +IPZ 1 6  45 2 1 . 5 
IXZ 16 45 36.6 0 8  
2 8  EPZ 01 3 9  47.6 
29  EPZ 12 01  02.0 1 0 
EPZ 19 50  27.4 11 
N) 3 0  +IPZ 11  48 12o9 
N) EPZ 19 48 57.3 12 
31 EPZ 10 4 6  18. 0 
S EP 0 1 EPZ 07 36 13.4 1 3  
-IPZ 0 9  42 42.8 
L P  I S Z  0 9  53  2 0.0  
EPZ 19 0 0  45 . 8  
EPZ 19 24 02.8 
-IPZ  22 36 08.0 
EPZ 2 3  08 35.0 1 4 
EPZ 23 14 19.0 
0 2  +IPZ 0 0  0 8  56.1 15  
+IPZ 0 0  2 9  oo .o 
LP I SZ  00 3 3  0 9.1 
-IPZ 0 0  44 47 . 4  
EPZ 0 0  49 4 3.2 
0 3  EPZ 0 4  43 05 .6  16  
L P  ES Z 04 53 3 2.0 
EPZ 05 54 30.5 
IXZ 0 5  55  02.5 
LP ES Z 0 5  58 32.8 17  
IXZ 0 6  06 1 9 . 1 
PHASE 
-EPZ 





E P Z  
-IPZ 
-IP Z  
LP +IPZ 
EPZ 
E P Z  
+IPZ 
I P Z 
+EP L 
E Fl l 
+IPZ 
-IP L 
E ;� z  
E P Z  
uz  




L P +EP Z 
c: ? z  
E P Z  
E X Z  
E P Z  
+IPl 
E P Z  
EP Z 
+IPZ 
+IP Z  
E P Z  
E PZ 
E ? Z  
E P l  
E P Z  
ARRIVAL TIME 
H M s 
0 8  3 3  31. 0 
11 2 7  40. 0 
1 1  37 14. 0 
11 44 15. 8 
16 1 0  21.4 
18 5 9  0 1 . 0  
1 2  53  14.8 
01 19 27.8 
11 15 0 3.0  
il  25 1 7.2 
16 54 3 9.3 
1 5  23 14.5 
1 3 55 1 6.5 
1 9  24  55.2 
0 0  09 38.9  
OE:i  35  23.4 
14 3 0  0 2.6 
oa 45 1 2.5 
O d  54 44.e 
0 1  17 5 2.7 
1 0  21 1 0.7 
0 2  36 1 5.2  
0 2  46  12.4 
0 6  3 3  27. 3 
07 3 0 39.3 
07 30  43.5 
1 7  15 50.3 
13 0 2  43.7 
1 3  14 1 6.7 
01 07 58.4 
01  09 35.0 
0 5  13  43-3 
,) iJ 5 2  4 b . l  
1 4  24 2 9 . 7  
11 5 3  11.4 
1 2  1 3  l 2 o 4  
20 1 1  32.2 
22 06 23 o 4  
0 3  1 9  3 6.7 
C6 3 1  34.0  
DATE 
SE P 
PHASE ARRIVAL T I ME 
H M s 
1 7  EPZ 08 35 41.9 
LP I S Z  0 8  4 6  0 2.4 
LP EXZ 09  05 2 8.0  
IPZ 1 2  54 41.5 
EPZ 14 2 9  4 2 o 4  
1 8  EPZ 15 29 28.5 
19  EPZ 0 9  08 3 6.5 
•IPZ 1 1  51 14.6 
+IPZ 11  53 31.9 
EPZ 1 1  56 25.6 
EPZ 12 10· 19.4 
EPZ 1 8  1 2  28.9 
20 EPZ 0 0  0 2  35.8 
EXZ 04 57 3 3.0 
-IPZ 05 4 8  55.1 
+IPZ 1 0  1 2  14.5 
L P  EXZ 1 0  22 22.0 
-IPZ 1 0  5 9  33.7 
EPZ 1 8  3 8  53. 0 
22 EPZ 15 25 40.0 
24  EPZ 1 5  54  32.1 
EPZ 2 1  15 45.7 
2 5  +IPZ 14 4 2  4 5.0 
L P -IPZ 1 4  42 43.6 
LP-ES Z 14 52 26.i:3 
-IPZ 16 55 1 0. i  
2 6  EPZ 11 27 1 0.0  
27  EPZ 08 24 18.7 
2 8  EPZ 10 0 8  04.4 
EP Z 1 2  0 4  37.9 
EXZ 12 0 8  0 6.8 
-IPZ 18 0 7  41 .0  
LP I PZ 1 8  0 7  42.S 
- J S Z l P  17 0 6.Q  
LP I S Z  1 8  17 04.2 
EPZ 1 2  53 19.2 
2 9 -IPZ 1 0  o e  0 3.o 
EPZ 21 32 1r n.7 
3 0  E P Z  0 7  1 7  3 3.8 
EP Z 1 2  1 3  0 8.9 
DATE PHAS E  ARR I VAL  T I ME DATE  P HASE ARR I VAL 1 I ME DATE  PHASE  ARR I VAL T IME 
H M s !:i M s 
SEP 3 0  EPZ 13 18 36.2 OCT 15 EPZ 02 06 oo.o OCT 2 2  E P Z  1 7  4 6  5 1.:.� 
OCT  0 1 +EPZ 00 10 28.4 EPZ 10 32  05.6 EP Z 21 5 5  4 7.?., 
- I P Z  12 34 2 7.2 + I P Z  1 8  57 45.9 23 E P Z  0 2  5 1  C l .3 
+IP Z  16 14 20.4 EP Z 19 33 15.4 EX Z 13 17 3 0. l  
- I PZ 17 2 4  2 7.7 EPZ 2 2  52 16.0 EX Z 13 3 7  5 1.6 
+ I P Z  19 19 38.4 16 + I PZ 03 36 31.0 2 4  + I P Z o5 0 9  3 2.s 
EPZ 19 36 11.7 LP I PZ 0 3  36 31.8 25  EPZ 0 3  40  1 2 . ,; 
0 4  - I .-J Z  00 1 4  37.6 EXZ 03 45 4 7.6 L P  r x z 0 3  5 3  () 2.::, 
+ P l 10 40 47.0 L P I S Z 03 45 2 2.2 E P Z  0 7  1 9  4 9.? 
0 6  EX Z 08 00 07.8 EXZ 03 5 3  07.t3 EPZ 13 0 9  0 4.4 
07 + I PZ 03 13 51.5 +EXZ 0 4  0 4  54.3 26 IPZ 06 11 2 1.t 
LP I P Z  03 13 5 2.8 EP Z o e  34 15.9 IP Z l ') 0 2  5 2.? 
+ I PZ 03 23 16.l - I PZ 14 54  0 8.7 EPZ 16 1 6  4 9.G 
LP EXZ 03 27 17.9 + I PZ 19 29 17.6 EPZ 2 0  0 6  4 i.S 
+ I PZ 08 4 6  03.8 EPZ 21 07  52.0 2 7  EPZ 0 0  51 3 2.4 
+ I PZ 13 29 28.4 + I P Z  2 1  14 1 4.4 E P Z  01  2 1  2 3.4 
0 8  - I P Z  2 2  37 49.8 EXZ 2 2  0 2  26. l EPZ 0 4  07 3 4 . I+ 
N> 09 + I P Z  12 32 4 2.0 17 EP Z 06 1e 5 7.5 t: p z O H  37 5 7.4 
1 0  EPZ 00 40 19.7 +IPZ  06  57 0 2.6 EPZ 1 7 1 7  1 1 . 1  
EPZ 03 23 14.9 LP + I PZ 0 6  5 7  0 4.1 2 8  +IP Z 0 4  3 6  11.c 
EPZ  05 18 12.4 L P + I S Z  0 7  C 7  0 3.6 LP I P Z 0 4  3 6  l c.c' 
IPZ  11 01 03.2 + I S Z 07 07 0 4.6 EPZ 19 1 7  1 5,5 
11 - I PZ  00 48 49,1 LP IXZ 07 C E; 23.5 29 EP Z 06 S C  2 7.S 
+ I PZ 00 57 34,2 - I PZ 1 2  21  3 2.'5  E P Z  1 6  48  4 2 , 2  
-EPZ 01 51 06.8 - I PZ 1 4  4 2  4 3.6 3 0  + I PZ 07 21 4 3.3 
- I PZ  10  4 4  2 0,1 L P  E P Z  1 4  4 2  46.S I )(l 09 2 4  (J l.2  
-E ?Z 1 2  30  2 4.2 E P Z  2 0  1 6  19.6  EDZ 10 06 1 9. 2 
12 C: ? Z  0 7  11 29.6 1a + I PZ C 4  15  5 9. :) E PZ 15 0 3  H.i-: 
EPZ 12 38 29,4 1 9  E P Z  0 7  25 3 C .6 EP Z 10  58 5 0.5  
13 EPZ 01 10 4 5.1 E P Z  'J7 5 4 56.'1 E P Z  17 45  3 3.5 
+ I P Z 03 44 28.0 20 EPZ 0 9  19 4 0.5  E P Z  1 8  3 6  3 1.7 
E P Z  0 7  2 9  50.4 E P Z  1 0  3 9  57.4 + I PZ 2 0  31 0 4.7 
E X Z  07 3 1  11.9 -IPZ 1 4  'J 3  32.6 31 - I P L 0 4  47 ';, 0.9 
- I P Z  1 3  09 4 0.l  E X Z  1 4  C 5  5 2 . l  EPZ 0 5  0 4  27.S 
-IPZ 16 12 2 2.5 +IP Z 14 3 (  l t. •  . . 1 EPZ 0 7  27 12.7 
U +  -IP Z  0 1  18 00.1 2 1 E P Z  0 7  4 1  O C . 5 EP Z 0 .:3 2 9  3 ].5  
- I P Z  01 2 5  01.1 2 2  + I P Z �1 3 5 2  5 2.9  -IPZ  12 53 4 2.9 
E P Z  03 40 15,3 E P Z  0 7  ' L; t 0 1 . '.) E P l  1 6  0 7  1 8.5  
E ? Z  0 7  1 5  18.9 E P Z  [1 ; ' 3 1  4 6 . ::i  E ?Z l d  0 3  5 5.4 
E P Z  2 2  5 2  16.0 - I P Z 1 1  S C1 3 6 . :  EP Z 19 16 1 0.6 
DATE PHASE ARR I VAL TIME DATE PHASE. ARRIVAL T l ME DATE  PHASE ARR I VAL T l ME 
1-f M s H M s H M s 
N O V  0 1  + I PZ 01 39 20,8 NOV 08 +IPZ 2 2  16 03,8 NOV 16 LP-IPZ 14 05 36. 1  
- I PZ 07 29 2 3,5 EPZ 2 2  51 07,5 +IPZ 19 54 06.6 
E PZ 12 1 4  52.6 09 EPZ 04 06 50 , 5  L P +IPZ 19 53 06 o l 
0 2  E P Z  0 3  08 00.6 EPZ 04 36 20 , 3  -IPZ 20 50 38.5 
+IPZ 03 48 5 3,4 E P Z  07 53  2 3,7 EPZ 2 2  54 30,6 
IS Z 0 3  5 1 54,2  -IPZ 09 33 1 8,4 1 7  -IPZ 07 2 2  44.9 
- I PZ 04 04 09,4 -IXZ 09 3 3  3 8,8 LP-IPZ 07 2 2  45, 1 
+IPZ 10 4 6  25,4 - I P Z  17  0 5  00,4 IXZ 07 2 3  03,2 
E S Z  10  49 29 , 0  + I PZ 2 3  04 19,4 -IPZ 16 3 2  0 2 , ,'3 
EPZ 1 2  49  37,0 10 +IPZ  05 03 14,3 LP-IPZ 16 32 0 2.2 
+IPZ 2 1  2 3  20,9 1 1  - I PZ 00 09 15,8 18 E PZ  06 5 9  0 3.5  
0 3  +IPZ 1 4  07 27 , 1  -IPZ 03 15 30,2 +IPZ 09 2 8  30.7 
04 E P Z  06 0 7  0 5,2 EPZ 17 13  3 8, 3  LP+IPZ 09 28 30.d 
E P Z  0 8  2 9  01.4 EPZ 18 5 5  2 5, 3  LP I R Z  09 5 3  2 e.o 
- I P Z  1 4  50 5 8,2 E P Z  19  11 19,5 EP Z 1 3  4 1  27.7 
L P -ISZ 1 5  01 08, l +IPZ 20 19 38,4 +IPZ 17 49 45.4 
-IPZ 22  39 52,4 12 E P Z  02 56 00,5 IXZ 1 7  4 9  59,7 
05  -IPZ 07 35 43,6 EPZ 03 26 24,4 LP+IPZ 17  49 46. 1  
E PZ 1 C  36 50 , 4  IXZ 03 26 2 5 , 8  +IPZ 1 7  54 1r.o 
N E PZ 1 1  06 47 , 6  EPZ 08 31 2 2,4 LP+ I PZ 17  54 1 8,1 *'"" 
E P Z  1 2  36 21,5 +IPZ  15 19 3 8,5 +IPZ 1 8  06 36.4 
0 6  - I PZ 1 0  49 49.6 +IPZ 17 42 4 1 , 1  LP+IPZ 1 8 06 36,2 
E P Z  l ?  51 1 3.8 1 3  E?Z 02 3 3  49.4 IRZ 1 8  19 15.0 
E P Z 1 3  54 45.6 +IPZ 13  06 18.3 EPZ 1 8  36 5 9.8 
E P Z 1 5  50 42.7 E P Z  19 59 1 8,6 E PZ 2 3  19 0 3.5 
E PZ 17  G O  48,5 14 +IPZ 03 18  07,4 19 E PZ 00 2?  0 4.2 
! X Z 1 7  0 1  0 1 .4 EPZ 08 11 23.7 +IPZ 04 39 59.7 
L P  E X Z  17 1 1  40.8 EPZ 1 1 56 59,6 +IPZ 05 47 2 s.e 
07 EPZ G O  0 8  27.2 E P Z  2 1  3 3  51.6 LP+ I P Z 05 47 2 '),b 
E P Z  J l  50 15,5 EPZ 2 2  27 47.4 E P Z  07 3 1  34.6 
+ J PZ 0 3  4 ·J 38.5 1 5  E P Z  07 00 3 2.2 E P Z  1 2 55 0 2.0 
L P -IP Z 0 3  40  40.0  IXZ 07 00 05.3 E P Z  1 6  39 5 3.5 
L P - I P Z  0 3 4 q  2e.o EP Z o7 0 3  o a.s 20 -IPZ 0 6  0 4  1 2. 1  
! R Z 0 3  57 05.0 EPZ 2 0  26 17.2 +IPZ 1 2  07 1 9,6 
E P Z  C' 4  o a  56.7 1 6  +IPZ  01  3 2  50.4 +IPZ 1 4  06 Lt 4.2 
E P Z  0 9  5 2  1 1.4 +IP Z 04 12 1 6,0 IPZ 1 4  5 1  5 4.9 
u: E S  Z 0 9  59 5 3.0 -IPZ o5 os 02.e I X Z 14 5 1  S 9.8 
+ ! P Z 12 12  �1 8 o l -IPZ  08 13 0 1.5 E P Z  16 2 r- 1 4.4 
0 8  - I P Z 1 3  5 2  1 6.0  EPZ 10 C,4 21.3 E P Z  2 0  G C  19.2 
L P  I S Z  1 4  0 1  16.5 -IPZ  14 05 36.3 E P Z  2 1  1 �  C 2.4 
DATE PHASE 
NOV  2 0  E P Z  
? l  E P Z  
E P Z  
l P Z 
IXZ 
2 2  E P Z  
E P Z  
- I P Z  
LP - I P L  
EPZ 
E P Z  
23 E P Z  
E P Z  
E P Z  
EPZ 
E P Z  
2 4  + I PZ 
E PZ 
-E P Z  CJ1 
E P Z  
- I P Z  
2 5  E P Z  
- I PZ 
+ I P Z  
2 6  - I PZ 
ESZ 
E P Z  
+ I PZ 
2 7  E P Z  
E P Z  
+IP Z 
L P + I PZ 
+ I P Z  
2 6  E P Z  
+ I P Z  
E P Z  
29 E P Z  
2 >--- U  i: P Z  
+ I P Z 
L P + I PZ  
ARRIVAL T I ME 
H M _s __ 
22 45 22.3 
02 25 2 1.5 
04 04 05.5 
19 39 38.4 
19 39 43.2 
05 47 19 . 5  
1 1  58 03.l 
1 3  59 12.3  
1 3  59  12.9 
15 19 24.0 
22 23  2 0.6 
10  36 39.3 
14 09 5 3.2 
1 6  14 29.7 
17 44 44.9 
19 15 15.1 
04 47 15.6 
04 56 22.5 
16 5 5  08.8 
19 13 04.3 
23 42 51.6 
00 02 13.2 
19 14 57.3 
21 0 2  46.6 
00  02 54.6 
0 0  0 5  03.4 
1 1  44 15.4 
22 16 46.l 
14 15 22.3 
1 6  52 08.2 
17 42 24.0 
17 42 24.0 
19 51 47.9 
00  21 08.9 
01 42 17.6 
02 27 23.8 
02 09 0 5.2 
0 3  4 1  16.0 
06 17 40.7 
06 17 40.0 
DATE PHASE 
NOV 28 EPZ 








+IP Z  
30 -IP Z 
EXZ 
L P  EP Z 
DEC 0 1  E PZ 





02 +IP Z 
L P + I P Z 
+EPZ  
L P -E P Z  
E P Z  
EPZ 
L P -E PZ  
L P -EXZ 
-IPZ  
L P + I P Z  
L P + I XZ 
E P Z  
E P Z  
L P  E PZ 
03 EPZ  
04  E P Z  
E P Z  
0 5 E P Z  
- I P Z 
L P - I P Z  
L P  E X Z  
ARRIVAL TIME DATE  PHASE ARRIVAL TIME 
1-1 M s H M s 
23 36 54. 1 DEC 06 E P Z  06 1 8  54.4 
23 43 10.0 E P Z  1 3  0 3  54.9 
03 · 54 05.0 L P -IPZ 13 03 5 5.0  
13  27  5 3.8 E P Z  1 a  4 0  01.0 
1 4  3 3  39.2 07 E P Z  0 5  5 2  3 6.5 
14 33 39 o 0  08 E PZ 02 15 05.6 
14  45  04.0 -IP Z  O B  3 0  52.0 
14  45  0 4.8 EPZ 09 54 48.5 
15 37 24 . 6  EPZ 22 11 38.6 
23 42 49.7 09 E PZ 02 06 3 6.6 
15 54 28.0 -IP Z  0 3  3 0  0 3.8 
16 22 48.5 E P Z  14 5 4  3 5 . 9 
18 4 1  57.4 1 1  EPZ 00  5 6  23.0 
17 57 5 3.6 E P Z  0 7  1 4  4 3.t 
17 57 5 3.8 + I PZ 09 5 8  S4.9 
18 02 50.5  LP + I PZ 09 5 8  5 5.6 
1 8  02 50.6 EPZ 12  Lt4  13.0 
18 10 19.2 12 LP EPZ 05 11 24.6 
18 10 19.0 EPZ 11 06 1 9.7 
05 29 31.3 L P  I PZ  11 06 20.6 
05 29 31.8 E PZ 11 44 1 0.7 
06 4 3  49.4 · EPZ  12 09 54. 0  
06 4 3  49.4 E P Z  23 4 3  0 2 . 2  
12 4 3  1 3.6 L P  E P Z  23 43  C 2.6 
15 27 11.6 1 3  +IPZ 01 52  2 2.6 
1 5  27 11.9 L P + I P Z 01  5 2  2 3.0 
15 29 21.4 EPZ 13 37 2 5.b 
19 12 11.2 + I PZ 20 47 2 8.5 
19 12 11.0 L P + I PZ 20 47 29.0 
19 31 26.2 LD -EXZ 2 1  12 5 6.t 
22 24 3 5.0 1 4  E P Z  04 05  01.3 
23 45 48.4 + I PZ 09 3 9 12.3 
23 49 48. 2  LP +IP Z 09 39 12.2 
22 1 4  27 . 5  + I P Z 12 12 02.9 
11 33 54.9 L P+IP Z 12 12 02.6 
16 26 36.3  15  - I P Z 12 42 25.c; 
14 12 4 3.2 16 E P Z  10 2 3  2E.4 
18 59 2 5.6 1 9  E P Z  12 5 3  46.4 
18 5q 25 . 4  E P Z  1 4  26 0 3.8 
1 9  27 1 0 . 6  L P  E P Z  l L} 2 5  5 4 . 6  
DAT E PH ASE ARRIVAL TIME DAT E  PHASE ARR I VA L TI ME DATE PHASE ARR I VAL TIME 
H M s H M s H 11 s 
DEC 19 LP 1 XZ 14 29 54.8 DEC 25 EPZ 00 41 19.3 DEC 29 + ! PZ 19  18  21.2 
EP Z 16 50 03.6 LP-IPZ 00 41 2 2.2 30 EPZ 08 47 42 o 0  
20 +IPZ 00 41 2 9.3 +IPZ 09 23 59.7 EPZ 12 51 19.U 
EPZ 0 2  22 17.8 LP+IPZ 09 24 o o . o  EPZ 16 10 51.4 
EPZ 17 38 39.6 LP+IPZ 11 00 3 7.4 EPZ 19 59 56.7 
21 +IPZ 02 02 08.4 EP Z 11 00 43 o 9  EPZ 21 4 7  45.4 
EPZ 02 48 26.8 26 EP Z 00 42 40.4 LP EPZ 21 47 46.2 
-IPZ 10 13 11.2 LP EPZ 03 22 45.4 31 EPZ 03 10 59.4 
LP EPZ 23 43 48 . 8  EPZ 03 2 2  59.1 EP Z 05 3'8 39.2 
2 2  EPZ 05 51 35.0 EP Z 06 2 7  3 6.2  +IPZ 07 06 21.2 
EPZ 08 05 45.6 EPZ 08 2 9  19.8 EP Z 10 34 09.5 
EPZ 2 1  50 24.8 +IPZ 08 40 08.0 EPZ 23 53 08.9 
EPZ 22 46 08.4 EPZ 10 07  39.4 
23 -IP Z 00 42 30.9 -IPZ 11 2 7  16.9 
LP E _PZ 00 42 29.0 LP-IPZ 11 27 4 3.0 
LP+ ! XZ 00 44 14.2 LP+IPZ 17 17 25.0 
EPZ 09 11 2 1 .9 +IPZ 17 17 25.4 
EP Z 17 12 2 1.0 +IPZ 18 05 24 .. l 
+ ! PZ 1 9  00 22.0 EPZ 19 12 21.1 
N) LP+IPZ 19 00 22.2 -IP Z 22 02 54.7 
24  EPZ 04 59 1 9.8 - r x z 22 13 53.1 
+IPZ 05 45 14.6 27 +IPZ 04 02 10.7 
LP+IP Z 05 45 14.6 -IXZ 04 12 08.1 
LP+IXZ 05 4g 14 .. 6 EPZ 05 26 2 2.1 
-IPZ 06 13  28.2 EPZ 06 34  42.5 
EP Z 07 38 22.6 LP+IPZ 06 34 42.6 
EPZ 07 42 55.2 EPZ 10 43 17.0 
EPZ 07 59 0 1.1  LP EPZ 10 43 20.6 
EPZ 08 12 02.2 EP Z 12 28 05.8 
EP Z 08 48 31.2 LP+IPZ 17 2 9  30.2 
EPZ 09 09 52.0 +IP L 17 2 9  30. 6 
EP Z 09 11 13.2 LP EXZ 18 30 32.6 
EPZ 09 5 5  28.0 -IPZ 21 36 22.6 
EPZ 13 14 3 1 .3 28 EPZ 08 09 09.2 
LP EPZ 13 1 4  32.2 +IPZ 12 53 o a . s  
-IP Z 19 13 1 0 .9 E P Z  15 2 8  44.6 
LP EPZ 19 1 3  10.6 EP Z 16 49 51.l 
LP EPZ 19 56 45.4 EPZ 20 02 14.8 
EP Z 19 56 4 'f o 9  EPZ 21 10 43.2 
LP+IP Z 22 48 21.4 2 9  EPZ 11 22 51.5 
Table 2. A/D conversion of input 
voltage. 
Input volt Hexadecimal 
number 
+1 0 FFF 
+ 9 F 3 3  
+ 8 E 6 6  
+ 7 D9 9 
+ 6 CCC 
+ 5 c o o  
+ 4 B 3 3  
+ 3 A6 6 
+ 2 9 9 9  
+ 1 sec 
0 8 0 0  
- 1 7 3 3  
- 2 6 6 6  
- 3 5 9 9  
- 4 4CC 
- 5 4 0 0  
- 6 3 3 3  
- 7 2 6 6  
- 8 1 9 9  
- 9 occ 
















DATE HR MN SEC 
01 /23 21 54 41 
01 /30 05 18 27 
01 /30 08 52 44 
02/01  04 35 25 
02/06 07 23 06 
02/20 09 40 55 
03/09 07 46 29 
03 /23 19 28 1 0  
04/01  18 03 36 




29. 682 S 60. 839 E 
56. 1 1 5 S 27. 195 W 
51. 744 N 176. 274 E 
1 1. 139 S 1 17. 3 1 4  E 
21. 094 S 178. 934 W 
33. 275 S 178. 908 W 
23. 567 S 66. 347 W 
33. 66 1 S 71. 892 W 
27 . 310 S 63. 320 W 




SOUTH SANDWICH IS. 
RAT ISLAND , 
ALEUTIAN 
SOUTH OF SUMBAWA 
FIJI  ISLANDS 
SOUTH OF KERMADEC 
ISLANDS 
JUJUY PROVINCE , 
ARGENTINA 
NEAR COAST OF 
VALPALAISO 























5 . 9  
EPICENTRAL A Z IMUTH 
DISTANCE 
DEG. DEG. 
41 . 306 151  
31 . 425 280 
153. 417 72 
75. 332 97 
85. 940 36 
74. 122 33 
73. 651 293 
66. 043 302 
69. 177 2 9 2  
COMMENT 
s 
1 0  0 4 / 0 5  0 3  1 7  5 3  6 . 1 3 4  S 1 5 4 . 5 0 8  E SOLOMON ISLANDS 4 1 3  5 . 8  9 3 . 0 0 6  6 5  
1 1  0 4 / 0 5  2 1  5 0  0 7  5 5 . 9 0 8  S 2 7 . 3 8 2  W SOUTH SANDWICH IS . 8 9  5 . 6  3 1 . 6 5 2  2 8 0  
1 2  0 4 / 0 9  0 8  3 7  0 9  5 9 . 7 7 9  S 1 5 0 . 2 3 5  E WEST OF MACQUARIE 1 0  6 .  1 4 2 . 2 0 5  4 5  
ISLANDS 
1 3  0 4 / 1 6  1 0  5 8  3 0  5 5 . 9 8 9  S 2 7 . 4 4 2  W SOUTH SANDWICH I S . 8 6  5 .  8 3 1 . 6 1 0  2 8 0  
1 4  0 4 / 2 4  2 1  5 0  0 6  1 3 . 4 2 6  S 1 6 6 . 4 2 1  E VANUATU ISLANDS  33  6 . 1  8 9 . 7 1 9  5 1  
1 5  0 4 / 2 5  0 5  3 6  4 1  2 2 . 2 4 9  S 1 7 9 . 4 1 3  E SOUTH OF FIJI  I S . 5 8 8  5 . 7  8 4 . 4 7 0  3 7  
1 6  0 4 / 2 7  1 8  1 7  3 3  5 7 . 5 9 1  S 1 4 8 . 0 7 9  E WEST OF MACQUARI E  1 0  5 . 7  4 3 . 5 5 1  4 8  
I SLANDS 
1 7  0 4 / 2 8  2 1  1 4  4 8  2 3 . 7 2 1  S 1 7 9 . 9 8 1  E SOUTH OF FIJI  I S . 5 4 0  6 . 0  8 3 . 1 6 4  3 6  s 
1 8  0 5 / 1 3  0 1  3 9  5 4  5 . 8 2 9  N 1 2 7 . 0 0 8  E PHILI P P INE ISLANDS 1 4 5  6 . 0  8 3 . 1 6 4  3 6  
1 9  0 5 / 1 5 0 3  5 7  0 7  5 6 . 0 7 3  S 2 6 . 9 6 2  W SOUTH SANDWICH IS . 1 0 0  5 . 5  3 1 . 3 7 5  2 8 0  
2 0  0 5 / 2 2  0 2  5 5  2 2  6 . 5 6 2  S 1 3 2 . 2 5 5  E TANIMBAR ISLANDS 7 3  5 . 8  8 4 . 9 3 1  8 5  
2 1  0 5 / 2 5  0 5  2 5  1 4  4 8 . 7 8 6  S 1 6 4 . 3 5 7  E OFF W .  COAST OF 3 3  6 . 1  5 5 . 6 5 9  4 1  LP 
NEW Z EALAND 
2 2  0 5 / 2 5  0 1  4 5  1 0  2 5 . 3 6 3  S 1 7 9 . 8 4 8  E SOUTH OF FIJI  IS . 4 6 0  5 .  3 8 1 . 5 4 5  3 6  
2 3  0 5 / 2 8  1 6  1 0  0 7  1 4 . 6 9 2  S 1 6 7 . 2 8 0  E VANUATU ISLANDS 1 2 5  5 . 9  8 8 . 7 5 0  5 0  
2 4  0 5 / 2 8  2 2  1 8  5 5  5 . 6 8 2  S 1 5 1 . 4 0 9  E NEW BRITAIN REGION 7 1  6 . 0  9 2 . 4 1 3  6 8  
2 5  0 5 / 3 0  0 9  4 7  1 7  4 9 . 1 5 2  S 1 6 4 . 7 4 3  E AUCKLAND ISLANDS 3 3  5 . 7  5 5 . 4 0 7  4 1  
2 6  0 6 / 0 3  0 5  4 7  4 4  3 5 . 5 6 0  S 1 7 . 0 4 0  W SOUTH ATANTIC RIGDE 1 0  5 .  8 4 5 . 3 7 7  2 5 3  
2 7  0 6 / 0 6 1 8  0 0  0 0  3 7 . 3 0 3  N 1 1 6 . 3 2 6  W SOUTHERN NEVADA 0 5 . 5  1 4 5 . 5 4 5  3 2 4  N 
2 8  0 6 / 0 8 1 2  4 4  0 4  1 6 . 3 3 2  S 1 6 8 . 0 2 7  E VANUATU ISLANDS 2 0 1 4 .  0 ?  8 7 . 3 8 9  4 9  
2 9  0 6 / 1 3  0 1  2 6  0 3  6 0 . 1 7 1  S 1 5 4 . 7 1 2  E WEST OF MACQUARIE 1 0  5 . 8 4 2 . 9 6 1  4 1  LP only 
I SLANDS 
3 0  0 6 / 1 6  1 8  5 6  0 3  5 6 . 4 0 5  S 2 4 . 8 1 4  W SOUTH SANDWICH I S . 5 3  5 . 6  3 0 . 3 5 4  2 7 9  
3 1  0 6 / 2 0 1 2  3 1  4 8  2 1 . 3 7 9  S 1 6 9 . 4 5 1  E LOYALTY I SLANDS 3 3  5 . 5  8 2 . 9 4 3  4 6  
3 2  0 6 / 2 5 1 9  5 1  2 1  4 1 . 6 9 7  S 7 9 . 9 2 9  E MID-IND IAN RISE 1 0  5 . 2  3 4 . 5 7 3  1 2 1  LP only 
33  0 6 / 2 6 00  51  0 6  3 0 . 2 6 9  S 1 7 8 . 9 8 6  W KERMADEC I SLAND S 1 8 4  5 . 7  7 7 . 0 2 5  3 4  
3 4  0 6 / 2 8 0 5  4 1  5 7  5 4 . 5 4 9  S 5 . 9 0 8  E BOUVET I SLANDS 1 0  4 . 8  2 1 . 0 2 5  2 4 4  
w 35  0 7 / 0 4  04  4 1  0 9  3 0 . 3 2 7  S 1 7 8 . 8 9 6  W KERMADEC I SLANDS 1 7 2  5 . 3  7 6 . 9 8 6  3 3  0 
3 6  0 7 / 0 5  1 8  5 2  2 0  3 0 . 1 4 1  S 1 7 7 . 9 5 3  W KERMADEC I SLANDS 5 8  5 .  4 7 7 . 3 5 2  3 3  
3 7  0 7 / 0 6  0 3  0 8  2 4  2 2 . 2 9 3  S 1 7 1 . 7 4 2  E LOYALTY I SLAND S 3 3  6 . 9  8 2 . 6 4 8  4 4  S ,  LP 
3 8  0 7 / 0 7  2 3  2 4  4 8  2 2 . 9 2 0  S 1 7 9 . 4 6 9  W SOUTH OF FIJI  IS . 5 3 5  5 . 5  8 4 . 0 5 7  3 6  
3 9  0 7 / 1 4  1 7  1 8  4 6  3 6 . 8 1 8  S 7 8 . 4 9 1  E MID-IND IAN RISE 1 0  5 . 5  8 4 . 0 5 7  1 2 6  
4 0  0 7  / 1 5  0 7  5 9  0 8  1 7 . 2 6 0  S 1 6 7 . 6 0 1  E VANUATU I SLANDS 3 0  5 . 6  8 6 . 3 8 8  4 9  LP 
4 1  0 7 / 1 8  1 1  1 5  1 8  2 2 . 6 7 7  S 6 6 . 23 8  W JUJUY PROVINCE , 2 4 6  5 . 0  7 4 . 4 4 1  2 9 3  
ARGENTINA 
4 2  0 7 / 2 1  1 1  4 7  0 0  1 5 . 4 3 6  S 1 6 7 . 4 7 3  E VANUATU I SLAND S 1 4 3  5 .  8 8 8 . 0 9 3  5 0  
4 3  0 7 / 2 8  1 1  1 9  0 1  2 0 . 8 4 5  S 1 7 8 . 2 1 9  W KERMADEC I SLANDS 5 9  5 . 4  8 6 . 3 3 0  3 5  
44 0 7 / 2 9  0 1  1 1  1 2  2 1 . 6 1 7  S 1 6 9 . 6 2 7  E LOYALTY ISLANDS 4 0  5 . 7  8 2 . 7 6 0  4 6  
4 5  0 8 / 1 7 1 7  0 7  4 1  2 5 . 4 5 1  S 1 7 9 . 0 5 8  W SOUTH OF F IJI I S . 3 8 3  5 .  5 8 1 . 6 8 6  3 5  
4 6  0 8 / 2 1  0 1  1 5  0 8  3 4 . 1 1 8  S 7 0 . 0 9 0  W CHILE-ARGENT INA 1 1 7  4 . 9 6 5 . 0 6 4  3 0 1  
BORDER REGION 
4 7  0 8 / 2 3 1 2  0 0  2 6  4 8 . 7 1 8  N 1 5 7 . 3 9 0  E KURIL ISLANDS 4 0  6 . 0 1 4 4 . 2 1 0  8 8  
4 8  0 8 / 2 5  0 5  2 0  2 1  3 4 . 6 1 3  S 1 7 9 . 6 4 7  W SOUTH OF KERMADEC 6 9  5 .  4 7 2 . 6 8 0  3 3  
I SLANDS 
4 9  0 8 / 2 5  0 7  1 6  5 8  2 2 . 8 9 4  S 1 7 5 . 8 5 4  W TONGA ISLANDS  3 3  5 . 9  8 4 . 8 0 8  3 2  
5 0  0 8 / 2 6 1 6  3 2  1 6  5 . 3 4 3  S 1 5 1 . 4 7 6  E NEW BRITAIN REGION 7 4  5 .  7 9 2 . 7 5 3  6 8  
5 1  o 9 I o  1. o 9 2 9 3 2 1 4 . 9 9 0  S 1 7 3 . 1 6 9  W SAMOA ISLANDS  3 3  7 . 0  9 3 . 0 2 3  3 2  LP 
5 2  0 9 / 0 3  0 4  2 9  5 2  6 . 5 1 9  N 1 2 6 . 2 6 8  E MINDANAO , 9 3  5 . 8  9 4 . 9 1 1  9 5  
PHILIPP INE I SLANDS 
5 3  0 9 / 0 6  1 1  0 2  4 0  2 1 . 4 5 1  S 1 6 9 . 5 7 7  E LOYALTY I SLANDS 2 8  6 . 0 8 2 . 9 0 6  4 6  s 
5 4  0 9 / 1 1  0 8  3 3  4 0  2 3 . 3 0 8  S 1 7 9 . 0 8 3  E SOUTH OF FIJI  I S . 5 5 6  5 . 1  8 3 . 3 7 3  3 7  
5 5  0 9 / 1 3  0 2  1 7  1 8  4 9 . 8 8 2  N 7 8 . 9 7 1  E EASTERN KAZAKH S SR 0 6 . 0 1 2 2 . 1 8 3  1 5 1  N 
5 6  0 9 / 1 3  0 7  2 5  1 1  6 0 . 9 0 4  S 1 9 . 7 6 9  W SOUTHWESTERN 1 0  5 .  3 2 5 . 2 4 5  2 8 1  
ATLANT IC OCEAN 
5 7  0 9 / 1 5  1 4  1 2  0 3  6 . 3 7 4  S 1 3 0 . 6 7 3  E BANDA SEA 8 6  5 . 9  8 4 . 5 3 8  8 7  
5 8  0 9 / 1 6  1 1  4 8  0 7  5 5 . 4 4 8  S 1 .  49 3 W BOUVET ISLANDS 1 0  5 .  1 2 2 . 7 7 4  2 5 5  
5 9  0 9 / 1 7 0 6  1 9  0 8  6 . 5 6 4  S 1 2 7 . 9 1 2  E BANDA SEA 3 3  5 . 8  8 3 . 37 0  8 9  
6 0  0 9 / 2 0  1 0  4 8  1 7  2 3 . 1 2 4  S 6 6 . 5 6 6  W JUJUY PROVINCE , 2 0 7  5 . 1  7 4 . 1 3 5  2 9 3  
ARGENTINA 
6 1  0 9 / 2 1  2 2  1 9  5 2  2 9 . 9 8 2  S 1 7 7 . 8 6 5  W KERMADEC I SLANDS 3 3  5 . 5 7 7 . 5 2 3  3 3  
6 2  0 9 / 2 8  1 7  5 6  1 9  2 9 . 3 0 7  S 1 7 9 . 2 2 9  W KERMADEC ISLAND S 3 3 5  5 . 9  77 . 9 1 0  3 4  s 
6 3  0 9 / 2 9  1 0  0 0  1 7  6 2 . 1 7 3  S 1 5 4 . 0 2 2  E BALLENY I S LANDS 1 0  5 . 5  4 1 . 0 4 2  4 0  
6 4  1 0 / 0 4  0 0  0 1  3 2  4 . 5 7 0  S 1 4 6 . 1 2 3  E EAST PAPUA NEW 3 3  5 . 9  9 1 . 6 6 6  7 3  
GUINEA REGION 
6 5  1 0 / 0 7  0 3  0 2  1 3  2 0 . 7 5 2  S 1 7 8 . 6 3 2  W FIJI I SLANDS REGION 6 2 0 5 . 8  8 6 . 3 3 4  3 5  s 
6 6  1 0 / 0 7  1 3  1 9  2 0  1 1 . 4 4 3  S 6 6 . 2 7 7  E MID- IND IAN RISE 1 0  6 . 0  6 0 . 1 0 2  1 4 9  
6 7  1 0 / 0 9  1 2  1 9  4 0  9 . 9 7 9  S 1 6 2 . 0 4 6  E SOLOMON I SLANDS  5 0  6 . 0  9 1 . 7 2 9  5 6  
6 8  1 0 / 1 1  0 0  5 0  3 2  4 5 . 7 9 3  S 1 4 . 1 2 5  W SOUTH ATLANTIC 1 0  5 . 0 3 5 . 2 6 7  2 5 8  
RIDGE 
6 9  1 0 / 1 1  0 1  4 4  0 3  4 5 . 0 3 3  S 1 5 . 2 8 0  W SOUTH ATLANTIC 1 0  4 . 9  3 6 . 3 3 2  2 5 8  
RIDGE 
70  1 0 / 1 3 1 3  0 1  53  5 9 . 3 0 4  S 2 5 . 0 8 2  W SOUTH SANDWICH I S . 6 7  5 . 1  2 8 . 2 6 4  2 8 3  
7 1  1 0 / 1 6  0 3  2 5  4 2  3 3 . 1 3 4  S 7 3 . 0 7 4  W OFF COAST OF CENTRAL 3 3  6 . 2  6 6 . 8 9 2  3 0 3  LP 
CHILE 
7 2  1 0 / 1 6  2 1  0 1  4 4  5 6 . 3 9 7  S 2 7 . 3 5 0  W SOUTH SANDWICH IS . 1 2 2  5 . 7  3 1 . 2 6 0  2 8 1  s 
7 3  1 0 / 1 7  0 6  4 4  5 5  7 . 1 0 1  S 1 2 8 . 9 7 4  E BANDA SEA 1 7 9  6 . 1  8 3 . 2 5 4  8 8  s 
7 4  1 0 / 1 7  1 4  3 5  4 0  4 5 . 5 0 9  S 1 5 . 1 8 0  W SOUTH ATLANTIC  RIDGE 1 0  5 . 6  3 5 . 8 8 3  2 5 8  
7 5  1 0 / 1 8  0 3  5 7  0 2  4 9 . 8 6 6  N 7 8 . 8 9 8  E EASTERN KAZAKH SSR  0 6 . 0  1 2 2 . 1 5 5  1 5 1  N 
7 6  1 0 / 2 8  0 4  3 4  1 7  3 1 . 2 7 2  S 1 1 0 . 6 4 9  W EASTER I SLANDS  1 0  6 . 2  7 7 . 5 5 7  3 3 4  LP 
77  1 0 / 3 1  0 3  40  4 1  7 . 4 4 8  S 1 2 8 . 6 0 2  E BANDA SEA 1 6 9  5 . 4  8 2 . 7 9 9  8 8  
7 8  1 0 / 3 1  0 4  4 2  1 1  5 2 . 2 3 8  S 4 . 6 7 5  W SOUTH ATLANT IC 1 0  5 . 1  2 6 . 4 9 6  2 5 4  
RIDGE 
7 9  1 1 / 0 2  0 3  4 4  5 5  5 2 . 9 4 4  S 2 7 . 2 9 7  E SOUTH OF AFRICA 1 0  5 . 5 1 7 . 0 7 0  2 0 6  
8 0  1 1 / 0 2  2 1  1 0  2 6  1 2 . 1 9 8  N 9 2 . 8 5 5  E ANDAMAN ISLANDS  3 3  5 . 7  8 9 . 2 3 1  1 2 8  
8 1  1 1 / 0 4  1 4  3 8  1 0  2 0 . 0 4 6  S 1 7 4 . 2 7 6  W TONGA ISLANDS 3 3  6 .  3 8 7 . 8 8 3  3 2  s 
8 2  1 1 / 0 5  0 7  2 3  2 2  2 1 . 5 4 9  S 1 7 0 . 1 4 7  E LOYALTY I SLANDS 3 3  5 . 8  8 2 . 9 5 9  4 5  
8 3  1 1 / 0 6  1 0  4 2  5 7  5 9 . 7 1 3  S 2 6 . 2 3 8  W SOUTH SANDWICH I S . 3 3  5 . 5  
2 8 . 3 7 0  2 8 4  
w 
w 8 4  1 1 / 0 6  1 6  4 7  4 9  3 . 5 5 8  S 1 4 3 . 7 9 0  E NEAR N .  COAST OF 3 3  6 .  2 9 1 . 8 0 3  7 5  
PAPUA NEW GUINEA 
8 5  1 1 / 0 7  0 3  2 9  5 1  3 2 . 1 9 9  S 7 1 . 3 3 6  W NEAR COAST OF 6 5  6 . 2  6 7 . 2 3 0  3 0 1  LP 
CENTRAL CHILE ? 
8 6  1 1 / 0 7  0 9  4 2  5 5  1 7 . 0 8 8  S 6 6 . 6 9 1  E MASCARENE ISLANDS 1 0  6 . 0  5 4 . 6 7 2  1 4 8  
8 7  1 1 / 0 8  1 3  4 1  2 0  6 . 1 6 9  S 1 1 2 . 1 5 4  E JAVA 6 3 3  5 .  8 7 8 . 1 2 5  1 0 4  
8 8  1 1 / 1 1  1 5  0 0  0 0  3 7 . 1 0 8  N 1 1 6 . 0 4 9  W SOUTHERN NEVADA ? 0 1 4 5 . 5 4 5  3 2 4  
8 9  1 1 / 1 3  1 2  5 5  1 8  2 4 . 0 3 6  S 6 5 . 3 1 2  W SALT PROVINCE , 2 8 7  5 . 1  7 2 . 8 7 2  2 9 3  
ARGENTINA 
90  1 1 / 1 5  2 0  18  1 7  6 5 . 6 3 5  S 1 7 9 . 8 9 9  E BALLENY ISLANDS 1 0  5 . 5  4 2 . 7 3 8  2 3  LP 
9 1  1 1 / 1 6  0 1  2 6  3 4  5 5 . 9 9 5  S 2 7  . 2 7 2  W SOUTH SANDWICH I S . 9 3  5 . 5  3 1 . 5 4 5  2 8 0  
9 2  1 1 / 1 6  0 5  0 0  4 5  4 3 . 9 6 7  S 1 6 . 2 0 1  W SOUTH ATLANTIC RIDGE 1 0  5 . 3  3 7 . 5 8 6  2 5 8  
9 3  1 1 / 1 6 1 9  4 2  3 8  3 3 . 8 8 6  S 1 7 9 . 6 9 5  W SOUTH OF KERMADEC 3 3  5 . 5 7 3 . 3 7 6  3 3  s 
ISLANDS 
9 4  1 1 / 1 8  0 9  1 7  3 0  2 . 2 8 2  S 2 2 . 8 1 3  E ZAIRE REPUBLIC 7 5 .  8 6 7 . 5 9 6  1 9 8  
9 5  1 1 / 1 8  1 7  3 7  4 8  2 9 . 5 1 6  S 1 7 7 . 2 2 8  W KERMADEC ISLANDS 3 3  5 . 6 7 8 . 0 9 9  3 2  
9 6  1 1 / 2 4  2 3  3 0  3 2  2 2 . 5 0 4  S 1 7 0 . 6 3 5  E LOYALTY I SLANDS 3 0  5 . 6  8 2 . 1 6 8  4 5  
9 7  1 1 / 2 5  2 3  5 1  1 6  2 0 . 9 4 3  S 1 7 8 . 8 6 3  W FIJI ISLANDS REGION 6 1 4  5 . 9  8 6 . 1 0 1  3 6  s 
9 8  1 1 / 2 8  2 3  3 1  2 8  3 2 . 1 8 2  S 1 7 8 . 2 8 2  W SOUTH OF KERMADEC I S  3 3  5 . 1  7 5 . 3 0 5  3 3  
9 9  1 1 / 3 0  1 5  4 2  2 8  1 7 . 0 1 6  S 6 9 . 8 4 8  W PERU-BOLIVIA BORDER 1 3 3  5 . 4  8 0 . 9 1 0  2 9 4  
w 
1 0 0  1 2 / 0 1  1 7  4 6  4 3  3 7 . 1 1 2  S 1 7 9 . 7 1 2  E OFF E .  COAST OF N . Z .  3 5  5 . 7  7 0 . 1 3 3  3 3  *"" 
1 0 1  1 2 / 0 2  0 5  1 7  2 0  7 . 4 1 3  S 1 2 8 . 8 0 1  E BANDA SEA 1 3 3  5 . 7  8 2 . 9 0 3  8 8  
1 0 2  1 2 / 0 2  1 9  0 1  5 3  1 5 . 7 5 6  S 8 8 . 3 8 7  E SOUTH INDIAN OCEAN 1 0  5 . 7  6 1 . 3 6 7  1 2 4  
1 0 3  1 2 / 0 6  1 2  5 0  4 8  6 . 1 7 1  S 1 5 2 . 0 4 5  E NEW BRITAIN REGION 3 3  6 . 0  9 2 . 1 6 5  6 7  
1 0 4  1 2 / 1 3  0 1  3 9  1 4  6 . 3 8 7  S 1 5 4 . 9 2 9  E SOLOMON I SLANDS 5 0  5 .  9 9 2 . 9 0 4  6 4  
1 0 5  1 2 / 1 4 1 2  0 5  5 4  5 6 . 3 6 3  S 2 6 . 4 8 1  W SOUTH SANDWICH IS . 1 0 4  5 . 8  3 0 . 9 7 9  2 8 0  
1 0 6  1 2 / 2 3  1 8  4 7  1 8  1 5 . 4 5 2  S 1 7 3 . 7 5 4  W TONGA I SLANDS 7 3  5 . 6  9 2 . 4 6 2  3 2  
1 0 7  1 2 / 2 4  05  3 3  2 0  2 9 . 9 7 0  S 1 7 7 . 6 1 0  W KERMADEC ISLANDS  2 8  6 . 0  7 7 . 5 8 4  3 2  S ,  LP 
1 0 8  1 2 / 2 4  1 3  0 2  3 9  3 0 . 2 3 8  S 1 7 7 . 2 7 7  W KERMADEC I SLANDS 3 3  5 . 3  7 7 . 3 8 7  3 2  
1 0 9  
1 1 0  
1 1 1  
1 1 2  
1 1 3  
1 1 4  
( i )  
w ( i i )  
C]l 
( i i i )  
( i V )  
(V ) 
1 2 / 2 4  2 2  36  2 7  3 0 . 3 7 4  S 1 7 7 . 3 6 2  W KERMADEC ISLANDS 3 6  5 . 2  
1 2 / 2 6  1 1  1 6  0 3  2 4 . 0 1 7 S 6 6 . 4 6 3  W SALTA PROVINCE , 1 8 8  5 . 0  
ARGENTINA 
1 2 / 2 6  1 7  0 5  3 2  2 9 . 9 3 4  S 1 7 7 . 7 4 1  W KERMADEC I SLANDS 3 3  6 . 1  
1 2 / 2 7 0 3  4 3  1 4  4 9 . 9 0 9  N 7 8 . 8 7 3  E EASTERN KAZAKH SSR 0 6 .  2 
1 2 / 2 7 1 7  1 8  4 5  4 0 . 5 0 7  S 1 7 6 . 3 1 4  E NORTH I S . , N . Z .  3 8  5 . 4  
1 2 / 2 9  1 9  0 6  3 1  3 0 . 2 4 0  S 1 7 7 . 8 8 5  W KERMADEC ISLANDS 6 1  5 . 5  
The events and the epicentral data are picked from PDE reports . 
N in the comment column means nuc lear explos ion .  
LP in the comment column means that long-period se i smogram was obtained . 
S in the comment column means that c lear S-phase was obtained . 
7 7 . 2 3 9  3 2  
7 3 . 2 7 1  29 4 
7 7 . 5 9 4  3 3  
1 2 2 . 1 9 1  1 5 1  
6 6 . 1 7 5  3 5  
7 7 . 2 6 9  3 3  
Az imuth indicate s the anti-c loc kw i se ly measured ang le from South Pole to Syowa Station to 
Epi center. 
S ,  LP 
N 
�l w > EIJ 
� f E 
N O  0 
"'1oh 36m 14s 
lfl36t4 . . . I . 
NO 1 
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10 s v � . I " , I . 
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